Abstract. Searches for companions of brown dwarfs by direct imaging probe mainly orbital separations greater than 3-10 AU. On the other hand, previous radial velocity surveys of brown dwarfs are mainly sensitive to separations smaller than 0.6 AU. It has been speculated if the peak of the separation distribution of brown dwarf binaries lies right in the unprobed range. Very recent work for the first time extends high-precision radial velocity surveys of brown dwarfs out to 3 AU (Joergens 2008). Based on more than six years UVES/VLT spectroscopy the binary frequency of brown dwarfs and (very) low-mass stars (M4.25-M8) in Chamaeleon I was determined: it is 18 +20 −12 % for the whole sample and 10 +18 −8 % for the subsample of ten brown dwarfs and very low-mass stars (M≤ 0.1 M ⊙ ). Two spectroscopic binaries were confirmed, these are the brown dwarf candidate ChaHα 8, and the low-mass star CHXR 74. Since their orbital separations appear to be 1 AU or greater, the binary frequency at <1 AU might be less than 10%. Now for the first time companion searches of (young) brown dwarfs cover the whole orbital separation range and the following observational constraints for models of brown dwarf formation can be derived: (i) the frequency of brown dwarf and very low-mass stellar binaries at <3 AU is not significantly exceeding that at >3 AU; i.e. direct imaging surveys do not miss a significant fraction of brown dwarf binaries; (ii) the overall binary frequency of brown dwarfs and very low-mass stars is 10-30 %; (iii) the decline of the separation distribution of brown dwarfs towards smaller separations seem to occur between 1 and 3 AU; (iv) the observed continuous decrease of the binary frequency from the stellar to the substellar regime is confirmed at <3 AU providing further evidence for a continuous formation mechanism from low-mass stars to brown dwarfs.
INTRODUCTION
Search for companions to brown dwarfs (BDs) are of primary interest for understanding BD formation, for which no widely accepted model exists (e.g. Luhman et al. 2007 ). The frequency and properties of BDs in multiple systems are fundamental parameters in formation models, e.g. embryo-ejection scenarios for BD formation predict only few BD binaries in preferentially close orbits, while isolated fragmentation scenarios are expected to generate BD binaries with similar (scaled-down) properties as stellar binaries have. However, binary properties of BDs are poorly constrained for close separations: Most of the current surveys for companions to BDs and very low-mass stars (VLMS, M ≤ 0.1 M ⊙ ) are done by direct (adaptive optics or HST) imaging (e.g. Burgasser et al. 2007 ) and are not sensitive to close separations (a ≤3 AU). These surveys find a lower frequency (10-30%) of BD/VLM binaries compared to stars and a separation distribution with a peak around 3-10 AU. The observed peak of the separation distribution is close to the incompleteness limit. It has been suggested that BD/VLM binaries with a separation <3 AU are as frequent or even more frequent than those at >3 AU (Pinfield et al Furthermore, the determination of the binary frequency of BD/VLMS in these surveys is limited to ≤0.1-0.6 AU. This leaves still a significant unprobed gap between the separations studied by RV surveys and those probed by direct imaging surveys (>3 AU). This was closed recently by follow-up UVES observations within the framework of an RV survey in the Chamaeleon I star-forming region (Joergens 2008) . It allowed for the first time to probe the important separation range 1-3 AU for BD/VLMS, as outlined in the following.
NEW RESULTS OF RV SURVEY IN CHA I
An RV survey is carried out for close (planetary and BD) companions to very young BD/VLMS in Cha I with the UVES spectrograph at the VLT. Including very recent data (Joergens 2008 ), this survey is sensitive to companions at orbital distances of 3 AU and smaller with a detection rate of 50% or more, as shown by a Monte-Carlo simulation (see Fig. 1 ). For BD/VLM binaries with a mass ratio close to unity (q ≡ M 2 /M 1 >0.8), the survey is sensitive to even larger separations. This is a significant extension to larger orbital separations compared to previous results of this survey (Joergens 2006 2 and 1, 3 .3 σ detection, 50% detection probability; cf. Joergens 2008 for more details). Thus, for the first time, the binary frequency of BD/VLMS is probed for the whole separation range <3 AU with a sensitivity also to small mass ratio systems.
Two objects were identified as spectroscopic binaries based on significant RV variability (χ 2 test with 3.3 σ threshold). This corresponds to an observed binary fraction of 18 These spectroscopic binaries appear to have orbital periods of at least a few years, i.e. orbital separations of 1 AU or greater. There were no signs found for the presence of shorter period companions around the targets. This is noteworthy because those cause larger RV signals and are, therefore, easier to detect. Thus, while the rate of BD/VLM binaries at ≤3 AU is found to be 10% (18% including CHXR 74), at separations <1 AU it might be smaller than 10% (0/11 for the whole sample and 0/10 for the BD/VLMS subsample, respectively).
CONCLUSIONS
For the first time the binary frequency of BD/VLMS is probed in the orbital separation range 1-3 AU (Joergens 2008 ). The separation distribution of BD/VLM binaries detected by direct imaging surveys (e.g. Burgasser et al. 2007 ) has a peak around 3-10 AU which is close to the incompleteness limit of these surveys. It seemed, therefore, possible that the largest fraction of BD/VLM binaries has separations in the range of about 1-3 AU and remained yet undetected. The here determined BD/VLM binary frequency of 10 +18 −8 % at separations of 3 AU and smaller shows that this is not the case: the rate of spectroscopic binaries at <3 AU is not significantly exceeding the rate of resolved binaries at larger separations (10-30%, e.g. Burgasser et al. 2007 ). Thus, the separation range <3 AU missed by direct imaging surveys is not adding a significant fraction to the BD/VLM binary frequency and the overall binary frequency of BD/VLMS is in the range 10-30%. The finding of no signs (0/10, i.e. ≤10%) for companions at <1 AU is consistent with a decline of the separation distribution of BD/VLM binaries towards smaller separations starting between 1 and 3 AU. Further, the previous finding that the observed mass-dependent decrease of the stellar binary frequency extends continuously into the BD regime (e.g. Burgasser et al. 2007 ) is confirmed here for separations <3 AU. This is consistent with a continuous formation mechanism from low-mass stars to BDs. The here presented results are based on a relatively small sample. By combining this work in Cha I with surveys of other young regions, which are restricted to separations ≤0.3 AU, an overall observed binary fraction of very young BD/VLMS can be determined with better statistics but with a more limited separation range. In this way, a binary frequency of 7 +5 −3 % (7/97) is found at ≤0.3 AU. In the near future, the sample of the survey in Cha I will be substantially enlarged allowing the re-investigation of the binary frequency at <3 AU of BD/VLMS in Cha I with significantly improved statistics for a uniformly obtained data set. Current and future observational efforts are, in addition, directed towards determination of orbital parameters of the detected binary systems including RV follow-up and high-resolution imaging/astrometry.
